Study design: Retrospective cohort study. Objectives: Our study aimed to describe the outcome of bloodstream infection (BSI) in spinal cord injury (SCI) patients and their associated risk factors for severity and mortality. Setting: A French University Hospital. Methods: We conducted a retrospective cohort study of all BSIs occurring in hospitalized SCI patients. We analyzed their outcome and risk factors especially the impact of multidrug-resistant organisms (MDROs). Results: Overall, 318 BSIs occurring among 256 patients were included in the analysis. Mean age was 50.8 years and gender ratio (M/F) was 2.70, with a mean injury duration of 11.6 years. Severity and 30-day mortality of BSI episodes were, respectively, 43.4% and 7.9%. BSI severity was significantly more frequent when caused by respiratory tract infections (RTIs) (odds ratio (OR) = 1.38; 95% confidence interval (CI): 1.13-1.44) and significantly lower when caused by urinary tract infections (UTIs) (OR = 0.47; 95% CI: 0.28-0.76). BSI mortality was significantly higher when caused by RTIs (OR = 3.08; 95% CI: 1.05-8.99), catheter-related bloodstream infections (OR = 3.54; 95% CI: 1.36-9.18) or Pseudomonas aeruginosa infections (OR = 3.79; 95% CI: 1.14-12.55). MDROs were responsible for 41.2% of all BSI. They have no impact on severity and mortality, whichever be the primary site of infection. In multivariate analysis, mortality was higher when BSI episodes were due to RTIs (OR = 3.26; 95% CI: 1.29-8.22) and Pseudomonas aeruginosa infections (OR = 3.53; 95% CI: 1.06-11.70), or when associated with immunosuppressive therapy (OR = 2.57; 95% CI: 1.14-5.78) or initial severity signs (OR = 1.68; 95% CI: 1.01-2.81). Conclusion: BSI occurring in SCI population were often severe but mortality remained low. MDROs were frequent but not associated with severity or mortality of BSI episodes. Risk factors associated with mortality were initial severe presentation, RTI, immunosuppressive therapy and BSI due to Pseudomonas aeruginosa.
INTRODUCTION
Nearly 250 000 inhabitants are affected with spinal cord injury (SCI) in the United States, with an annual incidence of 11 000. 1 In Europe, SCI incidence varies between 10.4 and 29.4 per million inhabitants.
Infections are the main cause of death in SCI patients, especially bloodstream infections (BSIs). [2] [3] [4] [5] [6] [7] [8] Colonizing multidrug-resistant organisms (MDROs) are frequent in the SCI population. 7, [9] [10] [11] [12] [13] In the general population, hospital-acquired infections and MDRO infections are associated with increased mortality and increased cost. 7 In the SCI population, such infections have been shown to increase the number of hospitalizations and the length of stay. 14 The outcome of BSI in SCI has been little studied. Bhatt et al. noticed a hypotension in 5 out of 29 cases (17.1%), although mortality in this population ranges from 1.7 to 29% according to different reports. 4, [15] [16] [17] In particular, the outcome of BSI due to MDROs in this population is unknown. In a previous retrospective study on BSI epidemiology in SCI population over 16 years, we concluded that the prevalence of MDROs, which was high, remained stable over the years. Also, it was not significantly different regarding age, gender, type and duration of SCI, primary site of infection or bacteria species involved. 9 From this large cohort, we studied the severity and mortality of BSI according to the primary site of infection and according to the drug resistance characteristics of the microorganisms involved.
MATERIAL AND METHODS

Settings and design
We performed a retrospective cohort study. We identified all patients hospitalized at our teaching Hospital (R. Poincaré, Garches, France), from 1 July 1998 to 31 October 2013, with an international classification disease 10th version (ICD-10). It included paraplegia or quadriplegia, and positive blood cultures for bacteria.
Primary site of infection. Primary site of infection was defined clinically by the physician in charge (reported in medical chart), or bacteriologically (same bacterial identification as in the blood culture). Primary sites were categorized as follows: urinary tract infection (UTI), pressure sore, catheter-related BSI, osteoarticular infection (OAI), respiratory tract infection (RTI), others (including skin and soft tissue infection and intra-abdominal infection) and unknown when no primary site had been identified.
Severity. Severity was defined as the requirement of at least one of the following criteria: volume expansion, assisted (mechanical) ventilation, vasopressor requirement and intensive care unit admission during the episode.
Mortality. Mortality was defined as death of the patient within 30 days following BSI episode. 12 Immunosuppressive therapy. Immunosuppressive therapy was defined as corticotherapy, chemotherapy or immunosuppressive treatment such as cyclophosphamide, azathioprine and cyclosporine.
Statistical analysis
All continuous variables were presented as mean (m) and standard deviation (s.d.), and the categorical variables were presented as frequencies.
Correlations between risk factors and characteristics of BSI in patients with SCI and outcome (mortality and severity) were determined by Student's t-test for continuous variables and the Pearson's χ 2 test for categorical variables.
Multivariate analyses were performed to assess the relationship between all associated risks that had a P-value ⩽ 0.2. The Hosmer-Lemeshow statistic was calculated to assess the model's goodness of fit. Odds ratio (OR) was calculated from the multivariate analyses to quantify association with severity and mortality with a confidence interval (CI) of 95%. An OR 41 was considered to be associated with severity or mortality.
All reported probability values (P-values) were based on two-sided tests, and a P-value o0.05 was considered statistically significant.
All analyses were performed using the SPSS 17.0 software (SPSS Inc., Chicago, IL, USA).
RESULTS
A total of 396 positive blood cultures were detected among 317 patients; 78 episodes (61 patients) were excluded because the microorganism involved was considered a contaminant. Overall, we included 318 episodes of BSI occurring among 256 patients. Table 2 shows the global sociodemographic and clinical characteristics of the study population.
The median age of the cohort was 50.8 ± 17.0 years and the gender ratio (M/F) was 2.70. The mean duration of spinal cord injury was 11.6 years ( Table 2) .
Primary site of infection was identified in 91% of BSI. They were mainly UTI (34.0%) and pressure sore (25.2%), then catheter-related BSIs (11.3%) and RTI (8.5%) ( Table 2 ).
There were 351 microorganisms identified in all 318 BSI episodes; 31 episodes (9.7%) were polymicrobial.
The most frequent pathogens identified were Enterobacteriaceae in 44.3% of cases (n = 141). They were followed by Staphylococcus aureus (n = 84; 26.4%), Pseudomonas aeruginosa (n = 22; 6.9%), Streptococcus spp. (n = 32; 10.1%) and Enterococcus spp. (n = 16; 5%) ( Table 2) .
MDROs were involved in 41.2% of BSI and were distributed as follows: 53.4% of Enterobacteriaceae 
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Median anti-microbial treatment duration varied from 12 to 15 days, except for OAI with a median duration of 45 days (Table 3) .
Empiric treatments were microbiologically effective in 78% of the cases.
UTI were mostly treated by parenteral third-generation cephalosporins associated with aminoglycosides. Pressure sore, RTI and catheter-related BSIs were mostly treated by glycolipopeptides associated with aminoglycosides. OAIs were predominantly treated by penicillin and aminoglycosides (Table 4) .
Treatment durations according to bacterial species are presented in Supplementary Appendix 1. More than 60% of the patients received combination therapy, especially when treating Pseudomonas aeruginosa infections, even if it did not involve MDR strains (Supplementary Appendix 2). The most prescribed associations were β-lactam with aminoglycosides regarding Pseudomonas aeruginosa and Enterobacteria infections (Supplementary Appendix 3).
At initial presentation, 43.4% of BSI episodes were considered severe, corresponding mostly to intensive care unit admission and volume expansion (Table 2) .
Regarding the primary site of infection, UTI and OAI were associated with less frequent severity (respectively, OR = 0.47; 95% CI: 0.28-0.76; P = 0.002; OR = 0.13; 95% CI: 0.03-0.61; P = 0.003), contrary to RTI (OR = 1.38; 95% CI: 1.13-1.44; Po10 − 4 ) ( Table 5 ).
The mortality rate was 7.9% (Table 2 ). Studying the relationship between mortality and primary site of infection, UTI was significantly associated with less mortality (OR = 0.15; 95% CI: 0.03-0.66; P = 0.004). On the contrary, RTI (OR = 3.08; 95% CI: 1.05-8.99; P = 0.031) and catheter-related BSIs (OR = 3.54; 95% CI: 1.36-9.18; P = 0.006) were associated with a higher mortality ( Table 5) .
Considering BSI severity and mortality, we performed several analyses comparing these outcomes according to bacterial species (Table 6 ). BSI due to Pseudomonas aeruginosa was significantly associated with a higher mortality (OR = 3.79; 95% CI: 1.14-12.55).
Also, there was no significant difference in severity presentation or mortality while comparing MDRO and non-MDRO groups (respectively, P = 0.981 and P = 0.306).
In multivariate analysis (Table 7) , the following factors were independently associated with a higher mortality: immunosuppressive 
DISCUSSION
Despite the frequency of BSI episodes in SCI population, only few studies have reported their outcome. In our study, BSIs were often severe (43.4%), but the mortality rate remained low (7.9%). Moreover, severity was higher when BSI was due to RTI, and mortality rate was higher when BSI was caused by RTI, catheter-related BSIs or Pseudomonas aeruginosa. On the contrary, BSI seemed less severe and with a better outcome when the primary site was a UTI or an OAI. Also, being infected with MDROs had no impact on the severity or the mortality of the episode. A higher mortality in this population was independently associated with RTI, Pseudomonas aeruginosa infections, immunosuppressive therapy and initial severity signs. Our study's population was a chronic SCI population with similar characteristics than previous data from literature. 3, [15] [16] [17] The median age of our study population was inferior to median age of general population suffering from BSI found in the literature. 13 We reported a high proportion of episodes with severe presentation, mostly due to intensive care unit admission, volemic expansion, mechanical ventilation and vasopressor requirement. This high rate of severe cases has not yet been reported. However, really few studies are available on this topic. Only Bhatt et al. 16 in their study described hypotension in 5 out of 29 cases (17.1%). This could be due to the difficulty to diagnose sepsis in SCI patients and the delay before hospitalization.
In the general population, the usual mortality rate in BSI varies from 30% to 50%. 14, 18 In SCI population, according to several reports, Outcome of BSI in SCI patients M Saliba et al it varies from 1.7% to 29%. 4, [15] [16] [17] The low rate of mortality in this specific population could be explained by the young age of the patients compared with the general population.
Outcome depending on the primary site of infection When focusing on the primary site of infection, UTI was associated with a significant lower mortality rate, contrary to RTI and catheterrelated BSIs. This is consistent with the literature: RTI is well known to have a high mortality rate in SCI population 3, 7 and UTI to be less fatal than others infections. 3, 17 Indeed, DeVivo et al. 19 have shown that pneumonia is the most common cause of death after SCI in all age groups. Severe bacterial pneumonias are often accompanied with bacteremia in this population, especially in patients undergoing mechanical ventilation.
However, the high mortality rate associated with catheter-related BSIs could be due to their occurrence mostly in intensive care unit.
Therefore, it could be a marker of fatal prognosis rather than an independent risk factor.
Outcome depending on bacteria species involved Considering bacterial species, the only significant association was mortality and Pseudomonas aeruginosa species. Pseudomonas aeruginosa is frequently associated with higher mortality up to 21% and could be due to difficult treatment strategy. 20 Indeed, few therapeutic options exist for treating BSI due to Pseudomonas aeruginosa. A specific antipseudomonal β-lactam is needed such as ceftazidime or ureidopenicillin (ceftriaxone and cefotaxime are not effective). Moreover, a dual effective therapy is usually required. 21 Outcome depending on the presence of MDROs There is an increasing incidence of infections due to MDROs in the general population, especially due to Enterobacteriaceae and particularly extended-spectrum β-lactamase and carbapenemase producers. 22 In our previous study, we found no significant increase of MDROs in SCI population. 9 Infections due to MDROs could be associated with an increased mortality. As shown by Kang et al., 23 during BSI due to Enterobacter species in non-SCI population, the 30-day mortality rate was significantly higher when a broad-spectrum cephalosporin-resistant Enterobacter was involved (3.7% vs 18.6%; P = 0.021). 23 Moreover, Deal et al. 24 identified resistance to second-or third-generation cephalosporins and to trimethoprim-sulfamethoxazole as independent risk factors for mortality during BSI caused by Enterobacter species or 25 during Enterobacter aerogenes bacteremia found that resistance to extended-spectrum cephalosporins was an independent risk factor for mortality (OR = 9.21; 95% CI: 1.02-83.04; P = 0.048). However, other reports state that MDROs could have no impact on mortality, as suggested by Kim et al. 26 They found no difference in BSI caused by resistant or susceptible to extended-spectrum cephalosporins Citrobacter freundii (19.4% vs 25.6%; P = 0.45).
Overall, the impact of MDROs during BSI is uncertain. In our study, no impact of MDRO on severity and/or mortality was noted. The main factor could be the adequacy of the initial anti-microbial therapy that has shown its major effect. 27 In our center, we are aware of the high prevalence of MDROs in SCI patients and local guidelines recommend an empirical use of broad-spectrum anti-microbial treatment for this population in case of severe sepsis. This attitude could explain the absence of impact of MDROs during BSI among SCI population in our study.
Moreover, some authors suggest that immunity of SCI population is stronger against bacterial aggression because of their recurrent infections that could explain both the low mortality rate (despite the high severity rate) and the absence of impact of MDROs. 16, 17, 28 These data should reassure physicians about the favorable prognosis of BSI because of MDROs occurring in disabled population, and reinforce their use of invasive therapeutics.
Outcome depending on independent factors
Finally, the only independent factors associated with 30-day mortality were RTI, immunosuppressive therapy and initial severity. In this situation, handling of such patients should be quickly optimized with prompt intensive care management and broad-spectrum antimicrobial therapy. In a retrospective study on 123 BSIs occurring in 63 SCI patients (mean age 59 ± 2 years), Wall et al. 3 reported hypoalbuminemia as the strongest independent predictor for mortality. 3 This factor is linked to the initial severity of the episode or to the underlying poor conditions of patients.
The bias and weakness of our study are due to its monocentric and retrospective design. However, it is one of the largest cohorts of patients in relation to this topic to the best of our knowledge.
Therefore, these retrospective results need to be confirmed by future prospective studies. The definition of MDROs could be discussed, but there is no standard definition of anti-microbial resistance, especially for P. aeruginosa and other Gram-negative bacilli. Thus, we used a classification proposed by different authors. 10, 11, [29] [30] [31] [32] In our study, MDROs have no impact on severity or mortality, whichever be the primary site of infection.
The only factors associated with higher mortality were RTI (OR = 3.26; 95% CI: 1.29-8.22), BSI due to Pseudomonas aeruginosa (OR = 3.53; 95% CI: 1.06-11.70), immunosuppressive therapy (OR = 2.57; 95% CI: 1.14-5.78) or initial severity signs (OR = 1.68; 95% CI: 1.01-2.81).
Despite the difficulties in medical management encountered with such population, mortality remained lower than that in the general population, even in critical situations, which were common. It might be due to the young age of the patients.
Thus, SCI population even with MDROs BSI has a good prognosis when managed by an expert team.
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